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Microalgae are a sustainable source of bioactive compounds like carotenoids, free fatty acids and especially polyunsaturated fatty acids. The extraction of such nonpolar metabolites usually involved nonpolar or toxic solvent like methanol or hexane. We report the first screening of Natural Deep Eutectic Solvents for the extraction of pigments and free fatty acids from spirulina. Natural Deep Eutectic Solvent with a wide range of polarity were screened, and the resulting extracts were compared according to their pigment and free fatty acid contents. The extraction performance was increased, and various metabolite profiles were obtained. A Natural Deep Eutectic Solvent based on glycerol/glucose exhibited a wide range of metabolites, which ranged from polar phycobiliproteins to free fatty acids. Natural Deep Eutectic Solvent based on a fatty acid mixture demonstrated the highest selectivity towards free fatty acids. After intensification of the extraction process, 6 spirulina-Natural Deep Eutectic Solvent formulations and Natural Deep Eutectic Solvent alone were evaluated in terms of the effects on cutaneous inflammation induced by Staphylococcus aureus, as well on 4 bacterial species that are part of the skin microbiota. The glycerol/glucose formulation exhibited an anti-inflammatory effect on keratinocytes stimulated by S. aureus. Nonpolar Natural Deep Eutectic Solvent alone and formulations impacted bacterial viability, especially for S. aureus, thus providing a new approach for the regulation of skin microbiota or product preservation.

Introduction

Microalgae are a promising renewable resource of various biomolecules of cosmetic interest. For example, phycocyanin can be used as an anti-pollution agent, carotenoids can be used as anti-ageing and anti-inflammatory agents, and free fatty acids (FFAs) especially polyunsaturated fatty acids (PUFAs), can be used as moisturizing agents [START_REF] Guillerme | Applications for Marine Resources in Cosmetics[END_REF]. FFAs are also known as physiological regulators ofthe skin microbiome [START_REF] Desbois | Antibacterial Free Fatty Acids: Activities, Mechanisms of Action and Biotechnological Potential[END_REF][START_REF] Ruffell | Comparative Assessment of Microalgal Fatty Acids as Topical Antibiotics[END_REF].

Lipophilic metabolites are still industrially extracted using toxic solvents such as mixture of chloroform/methanol or hexane/methanol. Thus, greener alternatives should be developed to obtain a sustainable processes. Recently, we explored a sustainable ester solvent for FFA extraction from Arthrospira platensis, a planktonic filamentous cyanobacterium [START_REF] Boutin | Spirulina platensis Sustainable Lipid Extracts in Alginate-Based Nanocarriers: An Algal Approach against Biofilms[END_REF]. The ester demonstrated good selectivity towards FFA, especially dimethylcarbonate (DMC). In order to improve the sustainability of the extraction process, Natural Deep Eutectic Solvents (NADESs) were explored in this study for the first time for the extraction of lipids and pigments from microalgae.. The concept of NADES emerged at the beginning of the 2010s. NADESs are considered as a new generation of ionic liquids, and are composed of a hydrogen bond acceptor (HBA) and a hydrogen bond donor (HBD). These components form a network of hydrogen bonds that results in a lower melting point of the solid mixtures [START_REF] Dai | Natural Deep Eutectic Solvents as New Potential Media for Green Technology[END_REF][START_REF] Liu | Natural Deep Eutectic Solvents: Properties, Applications, and Perspectives[END_REF].

The main interest of NADESs lies in their renewability and biodegradability [START_REF] Liu | Natural Deep Eutectic Solvents: Properties, Applications, and Perspectives[END_REF] as they are prepared by mixing vegetal cellular constituent such as choline derivatives, sugars, amino acids, or organic acids. Moreover, their high solubilization power combined with their stabilizing ability make NADESs perfect media for sustainable valorization of vegetal biomasses [START_REF] Fernández | Natural Deep Eutectic Solvents-Mediated Extractions: The Way Forward for Sustainable Analytical Developments[END_REF]. Their composition also makes NADESs then truly biocompatible, allowing for the solvent-removal step to be avoid in extraction processes. The resulting NADES/extract formulation could then be used directly for biological investigations.

NADESs exhibited a wide range of polarity depending on their composition [START_REF] Dai | Natural Deep Eutectic Solvents as New Potential Media for Green Technology[END_REF][START_REF] Liu | Natural Deep Eutectic Solvents: Properties, Applications, and Perspectives[END_REF]. The NADESs reported in the literature arehave mainly been hydrophilic [START_REF] Liu | Natural Deep Eutectic Solvents: Properties, Applications, and Perspectives[END_REF][START_REF] Fernández | Natural Deep Eutectic Solvents-Mediated Extractions: The Way Forward for Sustainable Analytical Developments[END_REF], and most of them are based on a combination of choline chloride or betaine as the HBA and various HBD (sugars, polyols, amino acids). Hydrophobic DES have emerged recently in the literature [START_REF] Florindo | Quest for Green-Solvent Design: From Hydrophilic to Hydrophobic (Deep) Eutectic Solvents[END_REF][START_REF] Van Osch | Search for Natural Hydrophobic Deep Eutectic Solvents Based on Natural Components[END_REF], although few studies dealt with true hydrophobic NADESs [START_REF] Van Osch | Search for Natural Hydrophobic Deep Eutectic Solvents Based on Natural Components[END_REF][START_REF] Florindo | From Phase Change Materials to Green Solvents: Hydrophobic Low Viscous Fatty Acid-Based Deep Eutectic Solvents[END_REF]. Those NADESs were composed of a combination of menthol or thymol with sugars, polyols, or fatty acids or a combination of short-chain fatty acids [START_REF] Florindo | Quest for Green-Solvent Design: From Hydrophilic to Hydrophobic (Deep) Eutectic Solvents[END_REF][START_REF] Van Osch | Search for Natural Hydrophobic Deep Eutectic Solvents Based on Natural Components[END_REF][START_REF] Florindo | From Phase Change Materials to Green Solvents: Hydrophobic Low Viscous Fatty Acid-Based Deep Eutectic Solvents[END_REF].

We report the first screening of NADESs for the extraction and formulation of hydrophobic metabolites from A. platensis. The extraction performance was compared, and the impacts of the resulting formulations on bacterial strains related to the skin microbiome and inflammation were investigated.

Material and methods

Raw material.

Spirulina (Arthrospira platensis) biomass was kindly provided by Aqua Eco Culture SA (Lamballe, France). The biomass was freeze-dried and stocked at -20°C.

Chemicals.

Octanoic acid 99%, dodecanoic acid 99%, levulinic acid 98%, palmitic acid 99% and betaine 98% were purchased from Acros Organics (Geel, Belgium). Nonanoic acid 98%, decanoic acid 99% were purchased from Alfa Aesar (Haverhill, USA). Menthol 99% was purchased from COOPER (Melun, France). C-phycocyanin, fatty acids standard kits and XTT labeling reagent were purchased from Sigma-Aldrich (St Louis, USA). Ammonium acetate, acetone, ammonia, ethyacetate, hexane, isopropanol and methanol HPLC grade were purchased from Carlo Erba (Val de Reuil, France). Glycerol, lactic acid, acetonitrile LC-MS grade were purchased from Fischer Scientific (Illkirch, France).

NADESs preparation.

NADESs were prepared by mixing appropriate ratio of HBA and HBD (see Table 1). The mixture was heated at 80°C and stirred until a colorless liquid was obtained.

Spirulina extraction.

Freeze dried biomasses were extracted with bio-sourced solvent (EtOAc, DMC) or NADESs using ultrasonic assisted extraction (UAE) during 30 min with biomass/solvent ratio (1/20, w/w). Resulting extract was centrifuged during 10 min at 16 200 g (Rotanta 460R, Hettich). Supernatant was recovered and solid residue was extracted two more time (final biomass/solvent ratio 1/60). Each extraction was performed in triplicate. For scale-up, 500 mg of freeze dried biomass were extracted using 1 g of NADESs following the extraction protocol described above (final biomass/solvent ratio 1/6). Extracts analysis: All extracts were analyzed in terms of phycocyanin, chlorophylls and carotenoids content and FFA and pigments profiles. Spirulina eutectic extracts were named "SP-NADESs formulations" hereafter. For example, resulting Spirulina extract obtained with Glycerol/Glucose NADESs was named "SP-Gly/Glu". Chlorophylls and carotenoids global content were evaluated using titration protocol described by Boutin et al. 4 and expressed as mg per gram of extract or biomass. The qualitative chlorophylls/carotenoids profile was determined using highperformance liquid chromatography (HPLC) based on Jaime et al. (See supporting information) [START_REF] Jaime | Separation and Characterization of Antioxidants from Spirulina Platensis Microalga Combining Pressurized Liquid Extraction, TLC, and HPLC-DAD[END_REF]. Phycocyanin content was evaluated using titration protocol described by Rodríguez-Sánchez et al. [START_REF] Rodríguez-Sánchez | Phycobiliproteins or C-Phycocyanin of Arthrospira (Spirulina) Maxima Protect against HgCl(2)-Caused Oxidative Stress and Renal Damage[END_REF] and expressed as mg per gram of extract or biomass. Total lipid content of extracts was evaluated using PVR protocol [START_REF] Boutin | Spirulina platensis Sustainable Lipid Extracts in Alginate-Based Nanocarriers: An Algal Approach against Biofilms[END_REF]. FFA content of biomass was determined by GC-FID, according to Boutin et al. [START_REF] Boutin | Spirulina platensis Sustainable Lipid Extracts in Alginate-Based Nanocarriers: An Algal Approach against Biofilms[END_REF] The qualitative FFA profile was determined using liquid chromatography-mass spectroscopy (LC-ESI-MS). LC-ESI-MS analysis were performed on an Acquity H-Class with a SQD detector (Waters, Saint Quentin en Yvelines, France). The system was fitted with a BEH C18 (50 mm x 2.1 mm; 1.7 µm particle size). Column oven was set at 40°C. Mobile phases were A Water 0.1% NH 3 aq; B acetonitrile 0.1% NH 3 aq. Flow rate was 0.25 ml.min -1 and gradient was set as follow: initial solvent B content was 10%, raised to 40% in 2 min, 90% in 23 min and 100% in 1 min and maintained for 9 min. ESI in negative mode was performed with cone voltage set at 50 V and capillary voltage at 2.8 kV. SP-NADESs required a pretreatment prior to LC-ESI-MS analyses. Solid-phase extraction was performed using C18-silica gel (Ait, 40-60 µm) with an elution gradient of different mixtures of water and MeOH ranging from 0 to 100% of MeOH. 100% methanolic fractions were analyzed.

Biological evaluation.

Sample preparation. Extracts based on polar NADESs were re-suspended in phosphatebuffered saline solution (PBS, Gibco,) and extracts from non-polar NADESs were solubilized in 1% DMSO final solution (Sigma-Aldrich).

Isolation and culture of normal human epidermal keratinocytes from skin samples. The Ethics Committee of the Poitiers Hospital approved the use of human skin samples for research studies. After the provision of fully informed consent, normal abdominal or breast skin were obtained from patients undergoing plastic surgery. Primary keratinocytes were prepared as previously described. 13 Determination of keratinocyte viability. Primary keratinocytes were cultured in 96-well plates at 4 × 10 4 cells per well in 0.1 mL K-SFM (Invitrogen LifeTechnologies, Carlsbad, CA, USA) until approximately 80% confluence before being treated by various concentrations of NADESs and NADESs-formulations for 24 h. Cell viability was assessed using the cell proliferation kit II (XTT) (Roche Diagnostics GmbH, Mannheim, Germany) according to the manufacturer's protocol. The XTT labeling mixture was added after 24 h of incubation in the absence or presence of NADESs and SP-NADESs at the indicated concentrations. for 72 h in aerobic atmosphere and anaerobic atmosphere respectively.

Determination of bacterial viability. The effect of NADESs and NADESs-formulations on bacteria viability was investigated using the tetrazolium sodium XTT reduction assay (XTT, cell proliferation kit II, Roche). Bacteria were suspended in PBS containing 10% of brain heart infusion (BHI) medium and used at final bacterial concentrations of 10 6 colony forming unit (CFU)/mL for S. aureus and C. xerosis, 10 7 CFU/mL for S. epidermidis and 10 9 CFU/mL for C. acnes. Bacterial concentrations were determined by measuring the optical density (OD) of the suspension at 600 nm and by CFU counts for each strain controlled by serial 10-fold dilutions of the bacterial suspensions and plating on MH or blood-supplemented MH agar plates depending of the species. Bacteria in presence or absence of NADESs and SP-NADESs at various concentrations were incubated for 4 h at 37°C prior to adding XTT/menadione reagent. After 2 h at 37 °C, the absorbance at 490 nm with a wavelength correction at 620 nm was read using a microplate reader.

Statistical analysis.

Results were analyzed by Minitab 18.1 (MiniTab, Inc) or GraphPad Prism version 5 (GraphPad Software, La Jolla, CA, USA).The statistical significance of the difference between two groups was evaluated by: the one of way ANOVA followed by the Tuckey test (extraction process) or the one-way ANOVA Kruskall-Wallis test followed by the Dunns' test (biological evaluation) or by the Mann Whitney t-test (inflammation). Differences were considered to be significant at p< 0.05.

Results and discussion

NADESs preparation and selection.

NADESsThe selectivity of NADESs is difficult to predict as hydrophilic NADESs could solubilize both hydrophilic and lipophilic metabolites. Thus, a wide range of polarities of NADESs was explored, ranging from highly polar to highly nonpolar ones. The final target was the development of cosmetic ingredients, so all NADESs based on choline chloride were avoided, as this chemical is not authorized for cosmetics. More than 50 different ratios and combinations described in the literature [START_REF] Dai | Natural Deep Eutectic Solvents as New Potential Media for Green Technology[END_REF][START_REF] Florindo | From Phase Change Materials to Green Solvents: Hydrophobic Low Viscous Fatty Acid-Based Deep Eutectic Solvents[END_REF][START_REF] Ribeiro | Menthol-Based Eutectic Mixtures: Hydrophobic Low Viscosity Solvents[END_REF][START_REF] Jeong | Multi-Functioning Deep Eutectic Solvents as Extraction and Storage Media for Bioactive Natural Products That Are Readily Applicable to Cosmetic Products[END_REF] were tested, but only 18 led to stable NADESs at room temperature (i.e. stable for more than 48 h at room temperature) as shown in Tables 1 andS1. Among these, 12 were hydrophilic, and 6 were hydrophobic. Hydrophilic NADESs exhibited high viscosity, especially those based on sugar, which looked like gels [START_REF] Dai | Tailoring Properties of Natural Deep Eutectic Solvents with Water to Facilitate Their Applications[END_REF]. The viscosity of Bet/Gly and Glu/Gly mixtures decreased as the amount of glycerol increased, changing from that of a gel to a viscosity close to that of glycerol alone.

In order to decrease the viscosity, the addition of water was tested on Glu/Gly (1:2), which led to a system as fluid as Bet/Gly (1:8). Only hydrophilic NADESs based on lactic acid exhibited viscosity close to classical solvent.

Hydrophobic NADESs all exhibited low viscosity [START_REF] Ribeiro | Menthol-Based Eutectic Mixtures: Hydrophobic Low Viscosity Solvents[END_REF][START_REF] Dai | Tailoring Properties of Natural Deep Eutectic Solvents with Water to Facilitate Their Applications[END_REF] that was closely related to that of organic solvent, which may favor good mass transfer during the extraction process.

Preliminary screening on Spirulina biomass.

The first screening was performed using the 18 NADESs described above on 50 mg of biomass. Ultrasonic-assisted extraction was performed using 1 g of NADES and was repeated thrice, leading to a final biomass/NADES ratio of 0.02. The resulting NADES/spirulina formulations (SP-NADES) were then compared using the content and profile of pigments and the FFA profile. Biosourced solvents, EtOAc and DMC were also used as references using the same biomass/solvent ratio.

Pigments content.

Looking at the SP-NADESs (Figure 1), various pigments were extracted, leading to a wide color panel ranging from intense blue-green to light orange. EtOAc and DMC led to greenbrown and brown extract respectively. In order to confirm these hypotheses, the contents of pigments (chlorophylls, carotenoids and phycocyanin) were titrated in order to compare the performance with classical solvents (Figure 2, Table S2). The results were obtained in mg/g of biomass. A wide variety of pigment contents was observed with hydrophilic NADESs. Bet/Gly led to green formulations for all ratios of glycerol. This color is related to a medium amount of phycocyanin (around 15 mg/g of biomass) and low content of chlorophylls (around 1 mg/g of biomass). Glu/Gly NADESs exhibited higher phycocyanin content, as expected according to the blue-green color of the resulting formulations. The phycocyanin amount increased when the glycerol ratio was raised to 3 but then remain almost stable (40 mg/g of biomass). The amounts of chlorophylls and carotenoids remained low in all formulations (< 1 mg/g of biomass). No significant difference (p > 0.05, Table S2) was noticed in the case of hydrophilic SP-NADESs and chlorophylls/carotenoids. Interestingly, the addition of water (10 and 20%) to the Glu/Gly (1:2) system dramatically increased the extraction performance. The amount of phycocyanin increased from 21.9 mg/g of biomass to 61.4 mg/g of biomass (10% water) and 70.8 mg/g of biomass (20% water). The chlorophyll and carotenoid contents were also enhanced by the addition of water from less than 1 mg/g of biomass to 4 mg/g of biomass and 1.4 mg/g of biomass respectively, making these SP-NADESs significantly different from the others.

In the case of hydrophobic NADESs, as expected, no phycocyanin was observed in all SP-NADESs. The chlorophyll and carotenoid contents were not significantly different from EtOAc extract and from each other (p > 0.05, Table S2). The light brown-orange color of the resulting formulation may be surprising according to the higher content of chlorophylls compared to carotenoids. This may be a consequence of a high amount of pheophytin among chlorophyll pigments.

In the HPLC profiles of SP-NADESs (Figure 3), hydrophilic and hydrophobic NADESs exhibited specific selectivity towards chlorophyll pigments. In fact, in the HPLC profiles of hydrophilic formulations, a chlorophyll peak (RT = 14.6 min) corresponding to chlorophyll a was observed, which was not found in hydrophobic formulations. In contrast, in hydrophobic formulations, a chlorophyll peak (RT = 8.9 min) corresponding to pheophytin was found according to UV spectra and the formulation with brown color. This result led to 2

hypotheses. The first is that hydrophobic NADESs could have selectively extracted pheophytin from spirulina biomass. Second, hydrophilic NADESs could have prevented the degradation of chlorophyll to corresponding pheophytin during the extraction process. For all SP-NADESs, three major carotenoids were found at RT 5.9, 7.2 and 12.2 min. This may indicate that there was no selectivity between all NADESs for these metabolites.

Interestingly, SP-Glu/Gly/W exhibited an HPLC profile closer to hydrophobic NADESs than hydrophilic ones.

FFA profile.

The global lipid titration protocol using phosphovanilin reagent (PVR) [START_REF] Boutin | Spirulina platensis Sustainable Lipid Extracts in Alginate-Based Nanocarriers: An Algal Approach against Biofilms[END_REF] that was previously applied to EtOAc and DMC, was tested on SP-NADESs. Unfortunately, as we could expect, theNADESs component reacted with PVR (side-reaction), leading to an alternative qualitative approach using chromatography.

The FFA biomass profile was composed of mostly saturated FFAs (55%) and PUFAs (33%, comprising 98% of 6), according to GC-FID. The main FFAs were palmitic acid (C16; 39%), stearic acid (C18, 4%), palmitoleic acid (C16:1; 2%), oleic acid (C18:1, 4%), linoleic acid (C18:2 6; 13%) and  linolenic acid (C18:3 6; 18%) which represent 80% of the total FFAs. Thus, these FFAs were selected as standards for FFA analysis of SP-NADESs.

Again GC-FID protocol was not adapted to SP-NADESs as the derivatization step was almost impossible. In order to overcome these problems, a standard SPE/LC-MS protocol was developed. All samples were first submitted to SPE, and the resulting methanolic fraction was then analyzed using LC-ESI-MS. AUCs of resulting the Total Ion Currents (TICs) were then compared and the profiles are summarized in Figure 4. Classical solvents exhibited high selectivity towards PUFAs, compared to the biomass profile. Thus, saturated FFA represents only between 20 and 25% of the resulting extracts.

SP-NADESs' FFA profiles were closer to the original biomass, with a major part of saturated FFAs (60-80%) and low amount of PUFAs (10-30%). Bet/Gly led to formulations with a cumulative AUC that decreased with the increase of glycerol ratio. The lower viscosity of the Bet/Gly system with higher amounts of glycerol should increase the mass transfer during extraction, so the glycerol might decrease the selectivity of this system towards FFA. According to these results, three categories of NADESs were highlighted: (i) broadspectrum NADESs which extracted all pigments and had a wide FFA profile, like the Bet/Gly, Glu/Gly and Glu/Gly/W systems; (ii) NADESs with pigment selectivity and low FFA content, like Bet/Gly with a high amount of glycerol; (iii) NADESs with selectivity towards FFA and carotenoids: menthol-based and FFA-based NADESs.

Among these three classes, six NADESs were selected for intensification and biological investigation to cover a wide range of composition: Glu/Gly/W (1:2:4); Bet/Gly (1:2) and

(1:8); C8/C12; C9/C10/C12 and Ment/Lev (1:2).

Process intensification.

Next, extraction of 500 mg of biomass using the same amounts of NADESs was performed to concentrate the formulations for biological evaluation. The biomass/NADES ratio was then decreased tenfold, and the extraction performance was compared in consideration of pigments and FFAs (Table 2 and Figure 5).

In all cases, NADES formulations were enriched with factors of 5 to 25, depending on the NADES and the pigments considered. The decreased of biomass/NADES ratio did not damage the mass transfer. The decrease allowed for a significant increase of the target metabolite concentration in formulations and a dramatic reduction of solvent consumption.

The extraction intensification also highlighted significant differences between SP-NADESs that were not noticeable before. SP-Bet/Gly (1:2) and (1:8) were now significantly different, with a higher rate for SP-Bet/Gly (1:8), probably due to better mass transfer. In the case of carotenoids, two pools of SP-NADESs appeared, and all SP-NADESs were different in terms of phycocyanin. a, b, c, d, e, f, g, h, i rate which did not share any letter were considered as significantly different (p < 0.05), nd not detected.

NADES were made of Bet (Betaine), Gly (Glycerol), Glu (Glucose), W (Water), Ment (Menthol), Lev (Levulinic acid), C8 (octanoic acid), C9 (nonanoic acid), C10 (decanoic acid) or C12 (lauric acid) in indicated molar ratio. As for pigments, intensification allowed for the detection of a wider range of FFAs.

MUFAs were now detectable in all samples, and PUFAs represented between 30 and 55% of the total FFAs, except for C9/C10/C12, which was still dominated by saturated FFAs (almost 80%). Due to the intensification, higher amounts of methanolic fraction were obtained after SPE, allowing for a reliable mass-balance of lipid extraction. As we could expect, C9/C10/C12 exhibited the highest lipid rate of 58 mg of SPE fraction/g of formulation. This result was 6 times better than thoseof the two other hydrophobic NADESs, which exhibited similar performance (10 mg/g). Among hydrophilic systems, Glu/Gly/W exhibited the best rate (2.6 mg/g), but it was 5-times less than hydrophobic ones.

These formulations and the corresponding NADESs alone were then biologically evaluated in terms of cutaneous toxicity, inflammation and bacterial skin microbiota.

3.4. Cytotoxicity on human keratinocyte.

According to Hayyan et al. and Mbous et al. [START_REF] Hayyan | In Vitro and In Vivo Toxicity Profiling of Ammonium-Based Deep Eutectic Solvents[END_REF][START_REF] Mbous | Unraveling the Cytotoxicity and Metabolic Pathways of Binary Natural Deep Eutectic Solvent Systems[END_REF], the cytotoxic mechanism of DES involves an increase in the membrane permeability and redox stress with enhanced ROS level.

Nevertheless, DESs cytoxicity is hardly generalizable and depends on the HBA:HBD composition. The most studied systems are DES based on choline chloride or phosphonium.

There are still few data on the toxicity of hydrophobic NADESs especially on human cell lines (for example, of 185 publications about "NADESs", there areonly 20 articles about "NADESs + toxicity", on PubMed).

Cytotoxic profile of different concentrations of NADESs (Figure S1) and SP-NADESs (Figure 6) was evaluated in vitro on human primary epidermal keratinocytes, as a model for dermatological applications. Keratinocytes are the major cell type of the epidermis, which is a multilayered stratified epithelium that constitutes the most superficial layer of the skin. Hydrophilic NADESs and corresponding SP-NADESs did not exert any significant cytotoxicity (p > 0.05) on keratinocytes, as the viability was close to 90% at the highest concentration tested of 200 µg/mL. In the case of lipophilic SP-NADESs, cytotoxicity was observed only at the concentration of 200 µg/mL. SP-C8/C12 and SP-C9/C10/C12 exhibited only 40% and 58% cell viability respectively (vs. 57% and 56% for the corresponding NADESs alone). SP-Ment/Lev had decreased cell viability down to 71% (vs. 76% for NADES alone). Thus, these six SP-NADESs could be considered as biocompatible with human epidermal keratinocytes, since cytotoxicity only appeared at high concentrations.

Therefore, they could be suitable for direct cosmetic/dermatological use. These data are important as they validated the possibility of keeping the NADESs in the final formulations, and they allow for the solvent-removing step to be omitted in biorefinery schemes.

Impact on keratinocyte inflammation.

In order to evaluate the impact of NADESs and SP-NADESs on cutaneous inflammation, cells were infected with Staphylococcus aureus, a bacterium known to induce inflammatory mediator production by keratinocytes [START_REF] Ahama-Esseh | Anti-Inflammatory Activity of Crateva Adansonii DC on Keratinocytes Infected by Staphylococcus Aureus: From Traditional Practice to Scientific Approach Using HPTLC-Densitometry[END_REF]. The secreted levels of the chemokine CXCL-8 and the cytokine TNF-α by S. aureus-infected keratinocytes were not significantly modulated by NADESs and SP-NADESs, except for SP-Glu/Gly/W (1:2:4) which reduced the release of these pro-inflammatory mediators (Figures S2). This anti-inflammatory property of SP-Glu/Gly/W was not observed with Glu/Gly/W alone, which may be due to its high phycocyanin content. Indeed, phycocyanin exhibits beneficial properties and is potentially useful for various therapeutic applications, including anti-inflammation [START_REF] Bannu | Potential Therapeutic Applications of C-Phycocyanin[END_REF]. More specifically, it has recently been reported that phycocyanin from S. platensis exhibited antiinflammatory effects [START_REF] Prabakaran | Extraction and Characterization of Phycocyanin from Spirulina Platensis and Evaluation of Its Anticancer, Antidiabetic and Antiinflammatory Effect[END_REF].

3.6. Impact on viability of bacterial species of the skin microbiota.

In order to evaluate potential effects on the skin microbiota, four bacterial species were studied: S. epidermidis, S. aureus, Corynebacterium xerosis and Cutibacterium acnes. While these species are considered as skin commensals, three of them are associated with cutaneous disorders: S. epidermidis and C. acnes are involved in acne and S. aureus is an opportunistic pathogen that is responsible for skin infections and suspected to contribute to the exacerbation of atopic dermatitis [START_REF] Kim | Interactions Between Atopic Dermatitis and Staphylococcus Aureus Infection: Clinical Implications[END_REF][START_REF] Parlet | Commensal Staphylococci Influence Staphylococcus Aureus Skin Colonization and Disease[END_REF][START_REF] Geoghegan | Staphylococcus Aureus and Atopic Dermatitis: A Complex and Evolving Relationship[END_REF]. To date, few biological evaluations have been reported on hydrophobic DES. Only Silva et al. [START_REF] Silva | Therapeutic Role of Deep Eutectic Solvents Based on Menthol and Saturated Fatty Acids on Wound Healing[END_REF] have performed a disk diffusion assay with bacteria (such as S. aureus and S. epidermidis). This study is the first to evaluate the antibacterial effects of NADESs and SP-NADESs using an XTT assay.

Hydrophilic NADESs and SP-NADESs did not seem to have any impact on all bacteria tested. There was no significant difference in cell viability even for the highest-tested concentration of 200 µg/mL, and viability being ≥ 90% for the treated bacteria (Figures S3 andS4). These NADESs and resulting SP-NADESs could thus be used in cosmetics without any negative impact on skin microbiota, and on keratinocytes.

On the other hand, hydrophobic SP-NADESs based on medium-chain fatty acid exhibited antibacterial properties, and a dose-dependent decrease in bacterial viability was observed for all strains (Figure 7). S. aureus and S. epidermidis appeared to be the most sensitive to these SP-NADESs as a significant decreased of bacterial viability was observed from 50 µg/mL. C. xerosis and C. acnes were less impacted, and significant cytotoxicity appeared only at the higher concentration tested. It is important to note that the NADESs alone exert a similar bactericidal effect, suggesting that the NADESs components were mainly responsible for this antibacterial activity (Figure 7). For SP-Ment/Lev, the dose-response effect was less visible. In this case, the viability slowly decreased with increasing concentrations for three bacterial strains. The major impact was observed on C. xerosis, with bacterial viability decreasing to 60% at 200 µg/mL. Menthol is well-known to have antimicrobial properties against human and plant pathogens [START_REF] Mbous | Unraveling the Cytotoxicity and Metabolic Pathways of Binary Natural Deep Eutectic Solvent Systems[END_REF][START_REF] Parlet | Commensal Staphylococci Influence Staphylococcus Aureus Skin Colonization and Disease[END_REF][START_REF] İşcan | Antimicrobial Screening of Mentha Piperita Essential Oils[END_REF][START_REF] Patel | Menthol: A Refreshing Look at This Ancient Compound[END_REF][START_REF] Trombetta | Mechanisms of Antibacterial Action of Three Monoterpenes[END_REF]. Trombetta et al. have suggested that the antimicrobial effect (on E.coli and S. aureus) of menthol may result from a perturbation of the lipid fraction of the microorganisms' surface membranes, resulting in increased of permeability and leakage of intracellular materials [START_REF] Trombetta | Mechanisms of Antibacterial Action of Three Monoterpenes[END_REF].

Bacterial sensitivity also appears to be closely related to the chemical differences of the cell wall. Wen et al. proposed that NADESs based on choline chloride strongly interact with bacterial cell walls [START_REF] Wen | Assessing the Toxicity and Biodegradability of Deep Eutectic Solvents[END_REF]. The interaction between NADESs constituents and the polysaccharide backbone would be at the origin of their bacterial cytotoxicity. For FFA-based NADESs, the hydrophobic chain length might play a role as detergent, leading to solubilization of peptidoglycan. This effect could be attributed to the increased lipophilicity caused by the length of the carbon chain, resulting in higher reactivity with the biological membranes [START_REF] Macário | Cytotoxicity Profiling of Deep Eutectic Solvents to Human Skin Cells[END_REF]. Tsuchido et al. suggested that short and medium-chain fatty acids can cause cell lysis by inducing autolysis [START_REF] Tsuchido | Involvement of Autolysin in Cellular Lysis of Bacillus Subtilis Induced by Short-and Medium-Chain Fatty Acids[END_REF].

Our results suggest that hydrophobic NADESs and SP-NADESs could be used safely on the skin, according to their low toxicity on keratinocytes. Furthermore,they exhibit potential as regulating agents for the skin microbiota targeting mainly S. aureus. These NADESs could also be used as bifunctional ingredients (solvents and antimicrobial preservatives) and thus limit the number of chemical inputs.

Conclusion

This work described the screening of NADESs for the valorization of FFAs and pigments from spirulina for the first time. 18 NADESs were screened and demonstrated various selectivity towards pigments (chlorophylls, carotenoids, phycocyanin) and FFAs.

Hydrophobic NADESs based on menthol or short chain FFA exhibited increased extraction capacity towards FFA compared to biosourced reference solvent. Hydrophilic SP-NADESs, especially SP-Glu/Gly/W, exhibited an interesting composition comprising antioxidant phycocyanin, carotenoids, and PUFAs. The impact of biomass pre-treatment will be important to explore and is currently under investigation. FFA-based NADESs and the resulting SP-NADESs also exhibited interesting selective bactericidal activity towards staphylococci, suggesting they could be a potential new preservative ingredient. This work was the first step for microalgae biorefinery using NADESs, especially considering hydrophobic metabolites.

The results could open the door to a sustainable valorization of microalgal nonpolar metabolites. Our results also validate the hypothesis of the direct use of SP-NADESs in final formulations according to the safety of these NADESs towards keratinocytes. Moreover, the NADESs strategy developed in this work could be transposed to other type of microalgae biomass in order to valorize their FFA or pigment contents, which is currently being investigated in our lab. Supporting Information. The following files are available free of charge.
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 1 Figure 1. Photography of a representative sample set of SP-NADESs made of Bet (Betaine),

Figure 2 .

 2 Figure 2. Pigments content of EtOAc and DMC extracts and SP-NADESs (mg/g of biomass)
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 3 Figure 3. HPLC chromatogram at 450 nm of a representative set of NADESs-Spirulina
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 4 Figure 4. Cumulative AUC of the 6 FFA standards, in ESI -, TIC signal (n=3, mean values
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 5 Figure 5. Relative percentage of FFA in SPE-methanolic fraction (Area under the curve of ESI -TIC) in indicated molar ratio. n=3, mean values represented along with standard
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 6 Figure 6. Viability of human primary keratinocytes after treatment with NADES-Spirulina

Figure 7 .

 7 Figure 7. Bacterial viability of S. epidermidis, S. aureus, C. xerosis and C. acnes following

Table 1 .

 1 NADESs composition.

	Component 1	Component 2	Component 3	Molar ratio	Code
	Hydrophilic				
	Betaine	Glycerol		1 : 2	Bet/Gly
				1 : 4	
				1 : 8	
	Glucose	Glycerol		1 : 2	Glu/Gly
				1 : 3	
				1 : 4	
				1 : 5	
	Glucose	Glycerol	water	1 : 2 : 2	Glu/Gly/W
				1 : 2 : 4	
	Glucose	Glycerol	Betaine	1 : 2 : 4	Glu/Gly/Bet
	Lactic acid	Betaine		2 : 1	Lac/Bet
		Glycerol		1 : 1	Lac/Gly

  Interestingly, this was not observed with Glu/Gly. The FFA rate varied with no logical behavior. The addition of water surprisingly enhanced the FFA extraction rate of Glu/Gly (1:2). This might be linked to the better mass transfer due to lower viscosity, or the hydration of the biomass could have allowed a better access to cellular content. Water also enabled the extraction of PUFAs in detected amounts, especially linolenic acid, compared to Glu/Gly NADES. As for pigments, lactic acid-based NADESs exhibited the lowest FFA rates.

Compared to classical solvents, only Glu/Gly (1:4) and Glu/Gly/W NADESs could reach similar amounts of FFA, based on cumulative AUC. Menthol-based NADESs exhibited FFA profiles dominated by saturated FFAs with extraction performance close to that of DMC and EtOAc. The FFA profile was wider with detectable MUFA. FFA-based NADESs led to the best extraction rate with the NADESs C9/C12 and C9/C10/C12 exhibiting higher extraction performance than classical solvents. Their FFA profile was dominated by saturated FFAs (70%). C8/C12 showed lower extraction performance but had a wider FFA profile (53% saturated; 18% MUFA and 16% PUFA).

Table 2 .

 2 Chlorophylls, carotenoids and phycocyanin rate in NADES-Spirulina formulations in mg/g of formulation.

	NADES	Chlorophylls (mg/g) n = 9, +/-SD	Carotenoids (mg/g) n = 9, +/-SD	Phycocyanin (mg/g) n = 9, +/-SD
	Biomass	50 mg	500 mg	Enrichment factor	50 mg	500 mg	Enrichment factor	50 mg	500 mg	Enrichment factor
	Bet/Gly (1:2)	0.01±0.01 0.18±0.05 a 12.5	0.00±0.00	0.07±0.01 e 16.4	0.20±0.05	1.81±0.56 g	9.1
	Bet/Gly (1:8)	0.02±0.01 0.50±0.05 b 20.8	0.01±0.00	0.19±0.02 f 26.7	0.21±0.03	2.80±0.26 h	9.9
	Glu/Gly/W (1:2:4)	0.07±0.01 0.69±0.07 c 9.2	0.02±0.00	0.22±0.03 f 9.6	1.16±0.08	3.96±0.51 i	3.4
	Ment/Lev (1:2)	0.08±0.03 0.41±0.05 d 4.9	0.02±0.02	0.08±0.02 e 4.4	nd	nd	
	C8/C12 (3:1)	0.12±0.01 0.47±0.03 b 4.0	0.03±0.01	0.21±0.01 f 8.1	nd	nd	
	C9/C10/C12 (3:2:1) 0.08±0.02 0.44±0.05 b 5.2	0.02±0.01	0.21±0.02 f 8.6	nd	nd	
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